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REMARKS 

Claims 88, 90, 91, 97, 99, 105, and 106 were canceled, and new claims 107-188 added. 
New independent claims 107, 112, and 1 19 are supported by the data shown in Figs. 2 A, 2B, 
and 3 as well as by disclosure on page 9, lines 9-30 of the specification; page 13, lines 28-32 of 
the specification; page 16, lines 1-31 of the specification; and page 76, line 1, to page 80, line 5, 
of the specification. Claims 112 and 1 19 are further supported by disclosure on page 70, line 16, 
to page 72, line 4, of the specification. Dependent claims 108-1 1 1, 1 13-1 16, and 122-125 are 
supported by disclosure on page 21, line 16, to page 22, line 6, of the specification. Dependent 
claims 117 and 1 18 are supported by disclosure on page 13, lines 2-7 of the specification. 
Dependent claims 120 and 121 are supported by disclosure on page 8, lines 9-17 of the 
specification and on page 21, line 16, to page 22, line 6, of the specification. 

No new matter has been added by this amendment. 

Double Patenting 

Claims 97 and 99 were provisionally rejected for double patenting in view of claims 7 
and 9 of copending application USSN 08/937,755 (the '755 application). Claims 97 and 99 have 
been canceled; therefore, this rejection should be withdrawn. 

Claims 90, 91, 105, and 106 were provisionally rejected for double patenting in view of 
claims 1, 3-7 and 9 of copending application the '755 application. Claims 90, 91, 105, and 106 
have been canceled; therefore, this rejection should be withdrawn. 

The claims of the '755 application are drawn to methods of treating amyotrophic lateral 
sclerosis and spinal injury. The new claims are drawn to methods of stimulating N-CAM 
production and decreasing neuronal cell death using morphogens which stimulate N-CAM 
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production. Therefore, Applicants submit that the new claims are patentably distinct over the 
claims of the '755 application. 
35 U.S.C. 102 

Claims 90-91 and 105-106 were rejected for anticipation by Harland et al. The rejected 
claims have been canceled. 

Harland et al. described a morphogen, dor3, which allegedly has a sequence which at 
least 70% homologous to the C-terminal seven cysteine domain of OP-1. The new claims 
specifically recite morphogens which stimulate N-CAM production. Dependent claims require 
that the morphogens contain specific amino acid sequences defined by SEQ ID NO: 5 or 6. 
Harland does not anticipate the new claims because Harland does not disclose or suggest that 
dor3 stimulates N-CAM production, nor is there any evidence that the sequence of dor3 is 
identical to amino acids 38-139 of SEQ ID NO: 5 or 6, as is now required by the new claims. 

35 U.S.C. 112 

Claims 88, 90-91 and 105-106 were rejected for new matter/lack of written description. 

As is discussed above, the rejected claims were canceled. New claims 107-125 are 
supported by the specification as recited above (in the Remarks section of this submission). 

The claims were also rejected for overbreadth. On page 6, lines 2-7 of Paper No. 18, the 
Examiner states: 

The specification, while enabling for claims limited to methods of using OP-1 of claims 
SEQ ED NO:2 to induce N-CAM and LI expression in NG-108 cells in vitro, does not 
reasonably provide enablement for "treating/preserving motor function/restoring motor 
function" in a mammal afflicted with ALS/spinal cord injury, or for using structurally 
uncharacterized morphogens or biologically functional equivalents thereof to accomplish 
such. 
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The amended claims are drawn to methods of stimulating production of N-CAM in 
neuronal tissue (claim 112 and those which depend from it) and methods of decreasing neuronal 
cell death (claims 1 12 and 1 19 and those which depend from them). 

Example 6 describes N-CAM production by NG108 cells (Figs. 2A-B). Fig. 3 shows 
increased neuronal cell aggregation, an indication of neuronal cell viability and integrity. 
Applicants submit that NG108 cells are an art-recognized model for neuronal cell function. In 
fact, NG108 cells have been used by those skilled in the art as a model for neuronal cell function 
to study neurodegenerative diseases (e.g., Gangliosidosis^ Alzheimer's Disease and Parkinson's 
Disease) as well as to study the effect of chemical and physical injury or trauma. For example, 
as far back as 1987 in a paper entitled "Inactivation of GMl-gangliosie beta galactosidase by a 
specific inhibitor: a model for ganglioside storage disease", NG108 cells were used to establish 
an in vitro model for human ganglioside storage disease (Singer et al., 1987, Ann. Neurol. 
21:497-503), and in 1992 in a paper entitled "Ethanol-responsive gene expression in neural cell 
cultures", NG108 cells were used as a model for ethanol- induced injury and changes in gene 
expression (Miles et al., 1992, Biochim. Biophys. Acta 1 138:268-274). In 1992 in a paper 
entitled "Alzheimer disease brain extract stimulates branching of laminin-mediated neuronal 
processes", the cells were used to study neurotrophic effects of Alzheimer's Disease brain 
extracts on neuronal cells (Kittur e tla., Alzheimer Dis. Assoc. Disord. 6:103-1 10), and in 1993 
in a paper entitled "Dopamine transporter expression confers cytotoxicity to low doses of the 
parkinsonianism-inducing neurotoxin l-methyl-4 phenylpyridinium", the cells were used to 
establish a model for Parkinson's Disease. (Pifl et al., J. Neurosci. 13:4246-4253). In 1996 in a 
paper entitled "Acute Alterations in [Ca 2+ ]i in NG108 cells subjected to high strain rate 
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deformation and chemical hypoxia: an in vitro model for neural trauma", NG108 cells were used 
in an in vitro model for neuronal injury (Cargill et al., 1996, J. Neurotrauma 13:395-407). Since 
the filing of the application, hundred of research papers have been published using NG108 cells 
as a model for neuronal function and to study various neurological disease states. Abstracts of 
the publications cited in this paragraph are provided in Appendix A, filed herewith. 

Since the priority date of the present application, induction of N-CAM production by 
morphogeny e.g., BMP2, BMP4 (a.k.a., BMP2B; see page 23, line 15, of the specification), 
BMP-5, BMP-6, and OP-1 (a.k.a. BMP-7), has been confirmed (see, e.g., Perides et al., 1994, J. 
Biol. Chem. 269:765-770; copy provided in Appendix B). Therefore, one skilled in the art 
would readily acknowledge that data obtained in vitro using NG108 cells are predictive of the 
behavior of neuronal cells in vivo 

Moreover, morphogen enhancement of neuronal cell survival was evaluated using 
primary neuronal cells, e.g., primary cultures of striatal basal ganglia isolated from the substantia 
nigra of adult rat brains. These data, which are described in Example 3 (page 70, linel6, to page 
72, line 4, of the specification) indicate that cell death decreased significantly in a dose- 
dependent manner in the presence of a morphogen. In contrast, in the absence of the morphogen, 
the cultured primary cells dissociated and underwent cell necrosis. 

In view of the description of the methods provided in the specification and the collective 
data regarding N-CAM production and the enhancement of cell survival in vitro, Applicants 
submit that the methods, as now claimed, comply with the requirements for enablement required 
by the statute. 
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CONCLUSION 



Applicants file concurrently herewith a petition for a three (3) month extension of time, 
together with a check for $445.00 to cover the fee pursuant to 37 C.F.R. § 1.17(a)(3). With the 
extension, this amendment is due on or before Monday, March 26, 2001 . The Commissioner is 
hereby authorized to charge same, or credit any overpayment, to Deposit Account No. 50-031 1 
(Reference No. 00960-504 FWCN2). 

On the basis of the foregoing amendments and remarks, Applicants respectfully submit 
that the pending claims are in condition for allowance. If there are any questions regarding these 
amendments and remarks, the Examiner is encouraged to contact the undersigned at the 
telephone number provided below. 



Respectfully submitted, 




Ivor R. Elrifi, Reg. No. 39,529 

Ingrid A. Beattie, Reg. No. 42,306 

Attorneys for Applicants 

c/o MINTZ, LEVIN 

One Financial Center 
Boston, Massachusetts 021 1 1 



TRADOCS : 1 453899. 1 (V5%30 1 ! .DOC) 



Tel: (617) 542-6000 
Fax: (617) 542-2241 
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D \\Ann Neurol 1987 May;21(5):497-503 Related Articles, Books, LinkOut 

Inactivation of GMl-ganglioside beta-galactosidase by a 
specific inhibitor: a model for ganglioside storage disease. 

Singer HS, Tiemeyer M, Slesinger PA, Sinnott ML 

This study was designed to establish an in vitro model with biochemical 
and morphological similarities to the human neurodegenerative disease 
GM1 gangliosidosis. Utilizing a specific inactivator of the lysosomal 
enzyme GMl-ganglioside beta-galactosidase (beta-D- 
galactopyranosylmethyl-p-nitrophenyltriazene [beta-GalMNT]) and 
neuroblastoma X glioma hybrid cells (NG108-15), we suppressed beta- 
galactosidase activity for up to 72 hours. Coincidental with suppression 
of this enzyme to levels less than 1% of control, we found up to a nine- 
fold accumulation of its substrate, the GMl-ganglioside, and the 
ultrastructural appearance of membranous cytoplasmic bodies, beta- 
GalMNT treatment suppressed growth but had little effect on the specific 
activity of choline acetyltransferase, lactate dehydrogenase, or other 
lysosomal enzymes including galactosylceramidase. This model should 
permit studies of the neurophysiological effects of increased ganglioside 
accumulation and their reversibility. 

PMID: 3035998 
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El: Biochim Biophys Acta 1992 Apr 14;1 138(4):268-74 Related Articles, Books 
Ethanol-responsive gene expression in neural cell cultures. 
Miles MF, Diaz JE, DeGuzman V 

Department of Neurology, University of California School of Medicine, 
San Francisco. 

We have studied the molecular mechanisms underlying neuronal 
adaptation to chronic ethanol exposure. NG108-15 neuroblastoma cells 
were used to perform a detailed analysis of ethanol-induced changes in 
neuronal gene expression. High resolution, quantitative two-dimensional 
(2-D) gel electrophoresis of in vitro translation products showed both 
dose-dependent increases and decreases in specific mRNA abundance 
following treatment with ethanol at concentrations seen in actively 
drinking alcoholics (50-200 mM). Dose response curves for 
representative members of the increasing or decreasing response groups 
had very similar profiles, suggesting that similar mechanisms may 
regulate members of a response group. Some mRNAs that increased with 
ethanol treatment appeared identical to species induced by heat shock 
while other mRNAs were only induced by ethanol. We conclude that 
chronic ethanol exposure can produce specific coordinate changes in 
expression of neuronal mRNAs, including some members of the stress 
protein response. However, the overall pattern of ethanol-responsive gene 
expression is distinct from the classical heat shock subgroup of stress 
proteins response. Changes in gene expression and specifically, 
mechanisms regulating a subset of stress protein expression, could be an 
important aspect of neuronal adaptation to chronic ethanol seen in 
alcoholics. 

PMID: 1562614 



Abstract 



JB 



mm \\!?<mM @A 



Write to the Help Desk 
NCBI I NLM | NIH 
Department of Health & Human Services 
Freedom of Information Act I Disclaimer 



http://ww.n.../query.fcgi?cmd^ 03/26/2001 



Entrez-PubMed 



Page 1 of 1 




Publfejed 



PubMed Nucleotide 

.whi ned m 



Protein 



Genome 



Structure 



fori 



National 
Library 
of Medicine 

PopSet Taxonomy 

MM 




OMIM 



About Entrez 



Limits Preview/Index 
Abstract 




Clipboard 



Entrez PubMed 
Overview 
Help | FAQ 

Tutorial 

New/Noteworthy 

PubMed Services 
Journal Browser 
MeSH Browser 
Single Citation Matcher 
Batch Citation Matcher 
Clinical Queries 
Cubby 

Related Resources 
Order Documents 
Grateful Med 
Consumer Health 
Clinical Alerts 
ClinicalTrials.gov 



Privacy Policy 



E 1: Alzheimer Dis Assoc Disord 1992 Summer:6 
(2):103-10 



Related Articles, Books, 
LinkOut 



Alzheimer disease brain extract stimulates branching of 
laminin-mediated neuronal processes. 

Kittur SD, Endo H, Adler WH, Martin GR, Markesbery WR, 
Kleinman HK, Weeks BS 

Gerontology Research Center, National Institute on Aging, National 
Institutes of Health, Baltimore, Maryland. 

Patients with Alzheimer disease (AD) suffer mental deterioration 
associated with neurofibrillary tangle and senile plaque formation in the 
brain. Here we have determined the effects of brain extracts from normal 
and from AD patients on neuronal process formation by a 
pheochromocytoma (PC- 12) and a neuroblastoma x glioma hybrid cell 
line (NG108-15). PC12 cells show a dose-related stimulation of 
branching of neuronal processes by AD brain extracts with cells cultured 
on a laminin substrate. The neurotrophic effects of extracts of AD brains 
may be related to the abnormal sprouting and neurofibrillary tangle 
formation observed in the brain in this disorder. 

PMID: 1389079 
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^hJNeurosci 1993 Oct;13(10):4246-53 



Related Articles, Books, LinkOut 



Dopamine transporter expression confers cytotoxicity to low 
doses of the parkinsonism-inducing neurotoxin l-methyl-4- 
phenylpyridinium. 

Pifl C, Giros B, Caron MG 

Howard Hughes Medical Institute Laboratories, Department of Cell 
Biology, Duke University Medical Center, Durham, North Carolina 
27710. 

The uptake of l-methyl-4-phenylpyridinium (MPP+), the active 
metabolite of the parkinsonism-inducing neurotoxin l-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP), was studied in various mammalian 
cell lines transfected, respectively, with the cloned human and rat 
dopamine transporters, and compared with rat striatal synaptosome 
preparations. Only in neuronally derived cell lines such as NG108-15, 
NS20Y, and SK-N-MC cells did MPP+ have a KM for the cloned 
transporters comparable to that of dopamine as seen in rat striatal 
synaptosomes. In non-neuronally derived cells such as COS-7, CHO, and 
Ltk- cells transiently or permanently expressing the transporters, the KM 
of MPP+ was at least 10-fold higher. The permanent expression of either 
the cloned human or rat dopamine transporters conferred to SK-N-MC 
cells susceptibility to the cytotoxic effects of low concentrations of 
MPP+. The extent of this effect was dependent on the expression level of 
the dopamine transporters and could be specifically antagonized by the 
catecholamine uptake inhibitor mazindol. There were no significant 
differences in the susceptibility to MPP+ of cells expressing similar 
levels of either the human or rat dopamine transporter. The 
demonstration for the first time of a quantitative relationship between the 
cellular expression of the plasma membrane transporter and the extent of 
the cytotoxic effects of MPP+ suggests that known differences in 
vulnerability of various brain regions to MPP+ cytotoxicity might be 
related to their actual content of dopamine uptake sites. (ABSTRACT 
TRUNCATED AT 250 WORDS) 

PMID: 8410185 
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E 1: J Neurotrauma 1996 Jul;13(7):395-407 Related Articles, Books, LinkOut 

Acute alterations in [Ca2+]i in NG108-15 cells subjected to 
high strain rate deformation and chemical hypoxia: an in 
vitro model for neural trauma. 

Cargill RS, Thibault LE 

Department of Bioengineering, University of Pennsylvania, Philadelphia 
19104, USA. F 

The short-term (less than 2 min) alterations in the intracellular free 
calcium concentration in differentiated NG108-15 (neuroblastoma cross 
glioma) cells exposed to dynamic mechanical deformation with and 
without superimposed chemical hypoxia were determined. A previously 
developed device, modified for these studies, was used to apply 
deformations at a magnitude and rate representative of those experienced 
by neural tissue in Traumatic Brain Injury. Chemical hypoxia was 
imposed using a combination of 2-deoxy-D-glucose and salicylate, 
anaerobic and aerobic metabolic blockers, respectively. Real time 
measurement of intracellular free calcium concentration using Fura-2 and 
a custom epifluorescence microscopy system provided a quantitative 
index of cell response. At high rates of deformation (approximately 10 
sec-1), increases in intracellular free calcium concentration were 
exponentially related to the magnitude of the applied deformation. 
Chemical hypoxia had no effect on this acute response. At low rates of 
deformation, small increases in intracellular free calcium concentration 
were independent of the magnitude of the deformation. These findings 
indicate that strategies for reducing severity of TBI should focus on 
minimizing the rate of deformation of neural cells. Together with data 
from animal, physical, and finite element models, these data can be 
employed in the development of physiologic injury tolerance criteria for 
the whole head. 
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Regulation of Neural Cell Adhesion M lecule and LI by the 
Transforming Growth Factory Superfamily 

SELECTIVE EFFECTS OP THE BONE MOHPHOGENETIC PROTEINS* 

(Received for puhbcAtifln, Angust 2, 1993, and in revised form, September 3 t 1993) 

George Perides*§, Rebecca IVL SafranUJ, Lou Ann Dowxxingffl, and Michael E. Charnessffl ** 
From the ^Department of Paihology, Harvard Medioal School, Boston. Massachusetts 02225, the $Spinal Cord Injury 
Laboratory, Department of Veterans Affairs Medical Center, West Rtabury, Massachusetts 02 132, the Wepartment of 
Neurology and Program in Nturosctince, Harvard Medical School, Division of Neurology, Brigham and Women's 
Hospital. Boston. Massachusetts 02216, and the ^Section of Neurology, Department ofVetaxms Affaire Medical Center 
West Raxbury, MdASCUhutetU 02132 



The transforming growth factor-p (TGF-0) superfam- 
ily plays a role in embryogenesu and regeneration. We 
have reported that osteogenic protein-1 (OP-1) promotes 
cell aggregation and induces the expression of the neu- 
ral eell adhesion molecules N-CAM and LI in proliferat- 
ing neuroblastoma x gHoma hybrid NG108-16 cells (Peri- 
dee, G„ Safran, R. ML, Rueger, D. O, and Chamess, M. E. 
(1992) Proc Natl Acad, Sci. U S, A* 89, 1032^10930; Peri- 
des, G„ Hu, G*, D. O, and Charneaa, M. E. (1993) 

Biol Chetn. 268, 25197-25205). Here we show that the 
structurally homologous bone morphogeny tic proteins 
(BMP) BMP-2 and BMP-4 are 10-50-fold more potent in 
these actions than the subfamily comprising BMP-5, 
BMP-6> and OP-1 (BMP-7). In contrast, members of the 
TGP-/3 subfamily, activin-A, inhibin-A, and 29 additional 
growth factors and cytokines did not Induce N-CAM 
The addition of serum to cells growing in serum-free 
medium caused & concentration* dependent increase in 
N-CAM and LI expression; however, serum did not po- 
tentiate the induction of N-CAM and LI by 40 ng/ml 
OP-1. These findings suggest the presence in NG108-15 
cells of a BMP-fc/BMP-4 receptor that discriminates 
subtle differences in structure among homologous mem- 
bers of the TGF*0 fiuperfamily. An endogenous ligand for 
this receptor may be present in serum. 



The TGF-0 1 euperfamfly plays an important role in the de~ 
velopment, differentiation, and repair of diverse tissues (1). 
This euperfamily is defined by a common structural elemeut, a 
7-9 cysteine domain in the C -terminal region of the mature 
protein (1). Based on sequence homology in this domain, the 
TGF-0 superfamily has been subdivided into several subfami- 
lies (1-6): the TGF-3 subfamily (TGF-01, -2, -3, -4, -5); tha 
inlubin/activui subfamily (inhibin-A, inhibin-B, activin-A, and 



* This work was supported by Grants AA06662 (to M. E. C.) and NB 
13034 (to Dr. Ami co Bignami, Harvard Medical School) And the Medical 
Research Service, Department of Veterans Affairs. The coeta of publi- 
cation of this article were defrayed in part by the payment of page 
charges. This article mu30 therefore be hereby marked m aduertiaemenr 
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact 

** To whom correspondence ehouJd be addreaaed: Dept. of Neurology 
(127X Harvard Medical School, 1400 VFW Parkway, Boawn, MA 02X32. 
VtU 617-325-2815; Fax: €17-323-7700 (ext. 5033). 

1 The abbreviations uaed axe: TGF-g, transforming growth faCtor-0; 
BMP, bone morphogenetic proteina; dpp, decapentaplegic complex; 
EGF, epidermal growth factor; FGF, fibroblast growth factor; hOP-1. 
recombinant human osteogenic protein- 1: IgCAM. immunoglobulin su- 

perfkmily cell adhesion molecule; mAb. monocloiial antibody; N-CAM. 

neural cell adhesion molecule; NGF, oorve growth factor; PBS, phos- 
phate-buffered sahne; ELI3A. enzyme-linked immnnoaorbent assay. 



ftrtivin-B); Mullerian inhibiting substance; and the efpn/Vg-re- 
lated subfamily (docapeataplegic complex (dpp) and Vgx/60A 
from DrosophUa jnelanogaster, Vg-l fromXenopus lacvi*, Vgy-1 
and GDF-1 from mouse, osteogenic proteins- 1 and 2, the bone 
morphogenecic proteins (BMPa) 1 through 7. and dorealin-1). 
The BMP subfamily can be farther subdivided into two sub- 
group* BMP-2/BMP-4 and BMP-5/BMP-67BMP- 7 (OP-1) (7). 
Various members of the dppfVg-1 subfamily ara morphogBneti- 
cal]y active in the developing nervous system and iu bone* For 
example, the BMPe stimulate endochondral bone formation (8), 
but have also been identified as morphogeny and differentia- 
tion factors in neural cells (3, 4, 9, 10). 

Cell adhesion malectilfl8 are important mediators of cell-cell 
interactions during embryo genesis and tusue repair (11). In- 
deed, the neural ceD adhesion molecule N-CAM is induced by 
TGF-0 in 3T3 fibroblasts^), by actrvin in developing limb 
buds (13) and by OP-1 (BMP-7) in neuroblastoma x glioma 
NG108-15 hybrid cells (10). Those observations imply that a 
distinct signaling pathway may couple the TGF-0 superfamily 
to the induction of cell adhesion molecules in mesenchymal and 
neural tissue. The ligand specificity of the receptor or receptors 
mediating this response is unknown, Here we demonstrate that 
the BMPs differentially induce morphological changes and in- 
crease the expression of N-CAM and LI in NG108-15 cells, 
whereas the TGF-06, activin-A, inhibin-A, and a large number 
of other growth factors and cytokines are inactive. 

EXPERIMENTAL PROCEDURES 

Materials— ftet monoclonal Antibody (mAb) £26 123 against X-CAM 
(14) wu purchased from AMAC Inc. (Westbrook, ME) and mAb 5Sfi 
from tha Developmental Studies Hybridoma Bank (Iowa City, IA), mAb 
74-5K7 ag*™ 1 l»l (15) ma a. g^ensrous gift from Dr. V Lemmon, Case 
Western Reserve, Cleveland, OH. lM I-Goat anti-rat antibody was ob- 
tained from ICN Biomedicals (Irvine, CA), and hdrseradiah p&mxidaae- 
coruugatad goat anti-mouse was from TAOO (Burlingome, CA). Fetal 
bovine, newborn calf, and adult bovine sera wer? purchased from In- 
tergen (Purchase, NY). Epidermal growth factor (EGF) and 2.5 S narre 
growth factor (NGF) ware purchased from Life Technologies, Inc. Re- 
combinant human OP-1 (hOP-1) was kindly provided by Dr. David C. 
Kueger, Creative BioMoleculec (Hopkinton, MA) and was isolated as 
described (16). Generous gifts of additional recombinant growth factors 
were provided as follows: recombinant human BMF-2, BMP-4, BMP-5. 
and BMP- 6 were frod Dr. John Wozney, Genetics Institute (Cambridge, 
MA); recombinant human activin-A and inhibin-A were from Dr. Ralph 
Schwall, Gen en tech (South San Franciseo. CA>, dpp and 60A were mom 
Dr. Michael HoBman, University of Wisconsin (Madison, WD; and the 
remaining human recombinant growth factors and cytokines were from 
Dr. Monica T^aag, R&D Systems (Minneapolis, MN). All other chami- 
caia were purchased from Sigma and ware of reagent $rade. 

Cell Culture — NG10&-16 cells of paeaagsa 21-50 were cultured in 
serum- free medium as described (10). Prior to subculture, the cells were 
mechanically disponed until single. Cells were photographed ac a tnag- 
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nrfirerimi of x 200 under nbaa* cDnfHVtrQcr09CCpT, Because BMP- 
tlWtad oellB grew in cfeistera, acme x 2>0 fi^^a COXltainad dusters of 
large mmsben of cells wmle others showed few; thaxofbre, the photo- 
graphs do not accurately reflect cell number which wm not faflm*™^ 

UarphogtrvtHc Actios* efftOfVN-lwo days after the addition <sf re- 
rnrnntnint growth factor*, xilwinifliaurt (<50S6) cefla viewed at * 100 
rnegmfifatfor, were scared for tha presence of call charters. Acefl chatter 
was defined as a group ef three or more ceil* that adhered to eechcthar 
along at least cne-o^aner of the eeH cUametat Adh«nt pairt of cefis 
ware excluded front this definition because many consisted of post- 
uiiuitic pairs which, in the nharnim of growth factor*, eventually sepa- 
rated. Tha percentagB of cells in charters was calculated by dividing the 
dumber of cells present m dusters by the total number of cells (UHK 
200) in each of two randomly selected field*. Values obtained for the tw<? 
fields were averaged and differed by up to 15%. 

EUSA for N-CAM— Levels of N-CAM were qtiantitated using an 
ELJSAaa described (17, Ifi), with the following modificadong. lb deter- 
mine the linearity of the assay with respect to oeU number, NO 108-1 6 
cells were cultured for 3 days in 76-cm 3 flasks in the absence and 
presence of 40 ng/ml hOP-1. 18 h before assay, duplicate samples of 
6.000-90,000 cells/well were plated inpoly-o4yame-eoated 96-well traye 
in the continued presence of hOP-L Tb deeermins the effects of growth 
factors, on N-CAM expression, duplicate samplea of cells were plated qq 
96-well trays at a density of 4*600 cells/well and incubated for 24-4$ a 
m aeram-free medium. Following the addition of growth factors, the 
medium was replaced daily. N-CAM was assayed after 3 days of treat- 
ment with growth factors. Cells were fixed by incubating twice for 30 
min at 4*C in 100 nl of ice-cold methanol, washed three dmse with 
PBS, blocked with 10ft non-fat dry milk in $*BQ ftr 1 h, and washed 
three additional tunas with PB& Cefls were then incubated for 1 h at 
room temperature m 100 ill of PBS containing 5% fetal bovine serum 
supplemented with the primary antibody (1:2,000 dilution of anti-N* 
CAM xnAb 5B8), washed three times in PBS, and incubated an addi- 
tional 1 h at room temperature in 100 nl of PBS obtaining 6% fetal 
bovine serum supplemented with the secondary antibody (1:1,000 dilu- 
tion of goat anri-moufte JgG and IgM conjugated to horseradish peroxi- 
dase). Tha calls were washed an additional three times with PBS. Color 
was developed by adding 100 ul of 60 mg/dl of 5-unimc*alicylic acid in 
0.02 w monobasic sodium phosphate, pH 6.0, containing 0.02% H^O^ 
and the optical density was measured at 490 nm, The reaction was 
linear with respect to cell number between 6,000 and 50,000 cells/well 
Nonspecific color reaction, determined by omitting the primary anti- 
body in duplicate weUe, was subtracted from the total optical density for 
each sample. AH values are expressed relative to control values meas- 
ured on the same tray. 

Western Blot Analysis— Western biota of total cell protein were per* 
formed using mAb H28JL23 for N-CAM and mAb 74-5H7 for Ll_ as 
described (10. IS). 

RESULTS AND DISCUSSION 
Aiorphogenetic Activity of the BMPs in NG10&-15 Cells— We 
showed previously that hOP-1 induces the expression of the 
unmunogflobulin superfamily tell adhesion molecules (IgGAM) 
N-CAM and LI in dividing NG108-15 calls, leading to a con- 
centration-dependent increase in the percentage of -pells pre- 
sent in adherent clusters and epithelioid sheets (10, 19). Tb 
determine the morpaogenetic activity of other members of the 
TGF-0 snperfamily, NG108-15 cells were incubated for 2 days 
in serum- free medium supplemented with 1 or 10 ng/ml of 
various BMPs or TGF-/31 and scored for the presence of adher^ 
ent clusters of cells. At 10 ng/ml f all of the BMPs induced 
cluster formation (Fig. 1). However, at 1 ag/ml, BMP-2 and 
BMF-4 were more effective in promoting cell clustering than 
BMP-5, BMP-6, and OP-1. In contrast, TGF-01 was morphoge- 
aetically inactive at Concentrations ranging from 0.01 to 40 
rig/ml. OP-1 did not change the rate of >TGl08-15 cell division 
(19) and treatment with the BMPe did not sigmfieantly affect 
the protein content per well (BMP-2, 104 » 13 & control; BMP-4, 
94 £ 13%; BMP-5, 91 s 11%; BMP-6, 126 = 14%; OP-1 (BMP-7) 
96 i2«jn = 3-5). These data suggest that in NG 108-15 cells, 
the morphog-enetic activity of the TGF-0 superfamily increases* 
as a function of structural homology with the BMP-2/BMP-4 
subfamily and is not related to effects on cell growth. These 




control BMP-2 BMP-4 BMP-S BMP-€ OP-1 TGF-S1 



Fw. L Morphological effects of the BMPs In NG108-16 cells. 
Photomicrographs of NG10&-15 cells cultured for 2 days in aeruTn.free 
medium in the absence (a) and presence of 1 rjtfml of BMP-4 (6), 1 ng/ml 
BMP-6 (c), and 40 n^ml TGP-^1 (dl Lower cancentratums of TCF-01 
were also morphogeneticallr ittactiTe, Note that the TGF-3-treated 
cells, while present at a greater density in the field shown, do not form 
more clusters than the control cells, e, KG108-15 cells were cultured in 
serum-free medium in the absence and presence of 1 or 10 ng/ml of the 
indicated recombinant human growth factors. The percentage of cells 
present in adherent groups of three or mora cells (clusters) was deter- 
mined from two subcontinent fields of at least 150 cells (see "Experi- 
mental Procedures"). The total number of cells in the two die! not 
differ among control and BMP-treated cells. Shown are the mean - SJE. 
percentage of cells present in dusters from throe to four independent 
expeximents. Tne two control values are from duplicate seta of experi- 
ments. 



e^erimente also suggest that the mnrphoregulatory activity of 
the BMPs is mediated by a distinct receptoKs) from that which 
recognizes the TGF-0 subfamily Additional evidence for the 
existence of distinct OP-1 and TGF-0 receptors derives from 
studies in cultured osteoblasts. Whereas both hOP-1 and 
TGF-pi promote the proliferation of osteoblasts in culture, oniy 
hOP-1 stimulates markers of the osteoblast phenotype <1G). 

£/7ecf« of the TGF-& SuperfamUy on N-CAM and Ll Expma- 
sion — The morphoregulatory actions of hOP-1 axe mediated in 
part by the induction of N-CAM and Ll (10, 19). To determine 
whether the variable morphogenetic activity of the TGF-/J su- 
perfamily is due to differential induction of IgCAMs, we cul- 
tured NGIO&W15 cells for 3 days in the absence and presence of 
members of the TGF-0 superfamily and measured levels of 
N-CAM and Ll by BLISA and Western blot analysis. Of several 
antibodies tested, tha best results for the EUSA detection of 
N-CAM were obtained using mAb 5BS. which recognizes the 
cytoplasmic domain present in N-CAM- 140 and N-CAM-1&0, 
but not N-CAM- 120. Th confirm that the EUSA was Hnear wi*_h 



OCT. 25. 2000 2:05PM 



STRYKER 



E}£^2$ffkren£mUy Induce N-CAM Ll N0 * 376 




{ cu^Ll *^ 757 

BMP-4), and uflm-A (22% Identity BMP-4), Moreover, the 
same lecep to r appears to be responsible for the induction of 
both N-CAM and Ll. A careful analysis of IgCAM-indudng 
activity and sequence homology among additional members of 
the TGF-fi supermmfly may allow a precise kt^Hfi^ij^ 
molaeolar dmnairm responsible for the activation of this recep- 
tor. Interestingly, dpp afcdGQA, thaDroronAOa hotoologs of the 
BMP-2/BMP-4 (75% identity) and BMP-oTBMP-^/Op.i (69- 
74% identity) subfamilies, respectively (7 r 20), did not induce 
N-CAM expression in NG108-1B cells (not shown). This implies 
that the region of the protein that differs only slightly between 
BMP-4 and dpp is particularly important for activating signal- 
ing along this pathway. 

Effect of Serum vnd Diverse Growth Factors on Cell Morphol- 
ogy and N-CAM Expression — Serum may contain factors that 
regulate IgCAM expression: growth in serum increases the ex- 
pression of N-CAM and- decreases the expression of Ll in N2A 
neuroblastoma cells (12). Small increases in N-CAM expression 
are also observed when serum-free myotube cultures are incu- 
bated with serum or a variety of growth factors (21). lb evalu- 
ate' whether serum regulates the expression of N-CAM in 
NG10S-15 cells, we culrur&d cells for 3 days in 96-wefl trays 
containing serum-free medium supplemented with 0.1-10% fe- 
tal bovine, newborn calf, or adult bovine sera. Fig. 4 demon- 
strates that these sera caused a cuncenlratian-clependent in- 
crease in the expression of N-CAM that was inversely 
proportional to the age of the donor. This developmental lose of 
N-GAM-inducing activity in serum is consistent with previous 
observations that OP-1 and BMP gene expression declines dur- 
ing development (22, 23). The induction of N-CAM and Ll by 
serum led to the formation of cell clusters ana* multilayered ceil 
aggregates; however, in contrast to hOP-1 (Id), serum did not 
cause a small percentage of cells to extend neurites (data not 
shown). Tlie presence in serum of thrombin and related sub- 
stances that inhibit neuritogenaeis (24) may have opposed the 
neurite promoting actions of N-CAM. 

The strong IgCAM-in during activity of the BMPs raises the 
question as to whether these proteins account for the IgCAM- 
indueing activity of serum. We addressed this Question in two 
ways. First, using the EUSA, we screened a large and diverse 
number of recombinant morphogens and cytokines for N-CAM 
inducing activity. Table I shows that among 40 growth factors, 
only the BMPs exhibited significant N-CAM-mducing activity. 
The list of inactive factors is significant for the presence of 
several peptides that promote the survival, differentiation, and 
morphogenesis of the brain and skeleton, including NGF, EGF, 
platelet-derived growth factor, fibroblast growth factor-4, inter- 
leukin-6, and leukemia inhibitory factor (25, 26). Second, we 
asked whether the actions of serum and the BMPs are syner- 
gistic or additive. NG108-15 cells were cultured for 3 days in 
serum-free medium supplemented with 0.1-10% fatal bovine 
serum in the absence and presence of 40 ng/ml hOP-1. Fetal 
bovine serum produced a concentration-dependent increase in 
the levels of all three major isofonns of N-CAM and Ll (Fig. 
4b); however, the induction of IgCAMs by hOP-1 was not po- 
tentiated by serum. In contrast, the N-CAM-indueing effects of 
9erum and TGF-0 are additive in NIH 3T3 cello (12). Although 
these experiments do not prove that BMPs are present in se- 
rum, they suggest that BMPs or factors that act similarly ac- 
count for part of the IgCAM-inducing activity of serum. 

Morpharegidatory and IgCAM-inducing Activity of the 
TCF-B Superfamily in Mesenchymal and Neural Tissue— The 
morphorftgulatory actions of the BMPs have been well charac- 
terized in bone (8>, however, an increasing body of data sug- 
gests that these proteins play an important role in the devel- 
opment of the nervous system. Several of the BMPs exhibit 
unique spatial and temporal patterns of expression iu the de- 



P.4 



20 40 60 60 

Ce(bAiMi*icr v 



100 



ftc 2. ELXSA determination of N-CAM levels in control and 
hOP-l-treated colls. NG10S-15 ceUi were cultured for 3 days in T75 
flasks in the absence and presence of 40 ng/ml hOP-1, 18 h before 
cells were subcultured at the indicated densities in poly*I^lyftine<oated 
9G-weU piratic tx&ys. Cells were fixed and N-CAM levels were deter- 
(pined by ELI&A using mAh 5&8. Shown are the mean optical densities 
from duplicate samples of cells from a representative experiment that 
was repeated five tunes with similar r^ulta 



respect to cell number, we cultured NG10S-15 cello at a density 
of 6,000-90,000 cells/well in 96-wefl micro titer plates and 
measured levels of N-CAM. Fig. 2 indicates that the ELI5A wed 
linear within a 15-fold *ange of call concentrations- This fi^tig 
is of interest, because N-CAM levels increase when N2A neu- 
roblastoma cells are plated at a high density, and conditioned 
medium from N2A neuroblastoma cells increases N-CAM ex- 
pression in NZA neuroblaatoma and 8T8 fibroblast cells (12). 
The observation that N-CAM levels are linear with respect to 
NG108-15 cell numbers suggests that in contrast to N2A neu- 
roblastoma cells, NG1Q8— Ifi cells do not produce an autocrine 
regulator of N-CAM expression. 

The EtISA was also effective in demonstrating a large in- 
duction of N-CAM by hOP-1 (Fig. 2), allowing us to use this 
rapid technique for quantitatively screening the effects of the 
TGF-0 superfamily and Other growth factors on the levels of 
N-CAM, None of the TGF-03 showed significant N-CAM-induc- 
ing activity (Fig. 3a); in contrast, the BMFs exhibited striking 
and differential concentration-dependant induction of N-CAM 
(Fig. 36)- Because mAb 5B8 detects only two of the three major 
N-CAM isofbrms induced by hOP-1, the ELISA tended to un- 
derestimate the magnitude of N-CAM induction demonstrated 
by Western blot analysis (10), The potencies of the BMFs in 
inducing N-CAM correlated with their structure! homology. 
BMP-4 showed rialf-maximal effectiveness at a concentration of 
approximately 0-2 ngffmL The other member of this Bubfamily, 
BMP-2, was the next most potent BMP (£C W —1 ng/ml). In 
contrast, BMP-6\ BMP-6, and OP-1 did not significantly induce 
N-CAM at concentrations lower than 1 ng/ml and exhibited 
equivalent effects at higher concentrations (EC 50 —10 ag/mll 
Western blot analysis confirmed theee results and demon- 
strated a comparable ordering of the BMPs in the induction of 
Ll (Fig. 3c). The fact that the potency of each BMP in inducing 
IgCAMs was similar to that for promoting cell clustering pro- 
vides additional evidence that the morphoregulatory actions of 
the BMPs in NG108-15 cells are mediated by the induction of 
N-CAM and Ll. Activin-A, uihibin-A, NGF, and EGF did not 
induce any of the major N-CAM isoforme or Ll (Fig. 3c). 

BMP-2 and BMP-4 are 92% identical in the TGF-0 domain; 
similarly, BMP-5, BMP-6, and OP-1 (BMP-7) show 97^66% 
amino acid sequence identity (7). These two BMP subgroups 
differ only sHghtry from each other (57-61% identity), yet show 
a 10-55-fold difference in their potency for inducing N-CAM. 
Our results indicate that a receptor expressed in NG 108-15 
ceils can discriminate a small difference in structure between 
the two BMP subgroups and fails to recognize activin-A (41^ 
sequence identity with BMP-4), the TGF-/3a (32-^35% identity 
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Pm. 3. Effect of tho TGF-fl roper* 
S*mig;oto N-CAM and U expntsW 
For KLISA determination of N-CAM 
NG108-16 cells were plated at 4,500 oalW 
well in poly^lyiane-ct>ate<i plaa- 

tic trays and mcubaced for 3 days in the 

Ab&eftM Add presence of tfe? indicated ctm- 
oantratkma of TGF£i (A) and BMP* 
Optical denartioa fin- control v&hiei detect 
mmed on the same tray were r^aHr^ 
to 1 and TOhiea for the morpliogao-trBated 
«*U« were expressed relative to control 
Vtthxaa (relative change). Shown are tbe 
mean ± S.E. (A) Or the mean (B) values 
fittai three to four independent experi- 
ments. C, NGlOS-lfi cellB were cultured 
in aiz-well trays for 3 days in the ahaence 
(control) and presence of 10 Rg/ml of 
HMP-2, BMP-4, BMP*, BMP-6, and 
hOP-1 and 40 ng/ml of scftvin^A. 
inmbin-A, nerve growth factor (NGF), 
and epidermal growth factor (EGF). Celle 
were harvBfited* sahib ilized in SDS 
sample buffer, and the proCeina were sub- 
jected to unmunnblot analysis for N-CAM 
CH2&.123 naAb) and U (74^H7 mAh). 
Shown are representative inununoblatB 
from an experinient that whb repeated 
^™ timaa with einular results. The 
structural homology of the TGF.0 aupcr- 
family ia indicated by a map of amino add 
"WW identity in tha C-terminal 
TOF-^ domain, reported by others (7, 
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veluping nervous aystem, and some axe known to be speaee 
nomnlogues of developmental gene* * Drvsophil* and Jfe/u>. 

(27. 28). mRNA is expressed transiently i^X 

flocxplate of the diencephalon adjacent to Rathke's pouch, 



where xt is speculated to play an inductive role, during pituitary 
development (29). BMP-4 aleo stimulates differentiation in 
PC12 cells (4). BMP-6 mRNA is expressed selectively in the 
roofpUte aojacent to the forebrain and in cell* adjacent to the 
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Fki.4. Effect of seran on N-CAM «nd LI expression in 
NGlOG-lfi calla. a, NGlOfl-lfi eella were cultured in 96-well trays 
containing seruavfree medium in the absence and presence of the in- 
dicated amceutrations of fetal bovine scrum, calf strw, adult 
bovine serum. After 3 days cells were subjected to KLISA for N-CAM 

determination. Shown Ar* th<4 Optical densities from S Single experi- 
ment that was re pee ted three times with mmilar results. b t NG108-15 
cells were cultured for 3 days in 6-weU urays is eerum-firee medium 
supplemented with 0 (control) to 10% fetal bovine eeram in the absence 
and presence of 40 n^ml hOP-1. Cells were harvested and subjected to 
Unmunoblot analysis for N-CAM and LI. Shown ja a representative 
autoradiograph from an experiment that was repeated three times with 
similar rteult*. 



floor plate along the anterior-posterior neurajris (6 f 29). BMP-4, 
BMP-6. and BMP-6 o*RNA are not detected in the brains of 
2-week postnatal and adult mice; however, OP-1 (BMP-7) 
mKNA La present in both (2), suggesting that OP-1 may also 
play a role in the adult nervous system. 

Other members of the TGF-0 superfamily are also active in 
mesenchymal and neural cells. Actmn induces N-CAM and 
stimulates chondrogeneaia in developing limb buds (13), but 
also induces somatostatin immune reactivity hi ciliary ganglion 
neurons (30) and is a neuronal survival factor (31). Dorsalin-1 
ia a novel member of the d^/Vg-reiated subfamily that shows 
56% sequence identity with BMP-4 and is selectively expressed 
in dorsal regions of the neural tube (3). Dorsalin-l promotes the 
differentiation and migration of neural crest cells and inhibits 
the differentiation of motor neurons (S). Dorsalin-1 also induces 
alkaline phosphatase activity in W-20-17 osteoblast cells (3), 
demonstrating that like OP-1, BMF-4, and activin, dorsalin-1 
has biological activity in bone and in brain. 

It is unknown how moat members of the TGF-/3 auperfamily 
produce their morphogenetic effects. Wo hypothesize that soma 
of these morphogens act in mesenchymal and neural tissue by 



NO. 376 P. 6 
Table t 

Rffkct ofgtvwth factor* and <^tokausa an N-CAM expression 
NG10S-15 oeOa were cultured in 96-weu tmya oont&iamgseraiR-firee 
iae<fraa «a the absence and presence of 40 ngftnl of the mdzsated growth 
fectorsand cytokine*. After 3 days caBa were subjected to ELRA lor 



l^CAM d^trrmmfft3fm Optical denaito for amfirei vain^ltj ^iSr^S 
on the same tray were normalized to l^andvahieamrtheinozpliogen- 
^atad cells ware expressed relative to control values (relative ODX 
fcioTOM^oemi rc^ 

of experimenta (parentheses). Except for the BMP*, similar results were 
gowned when the factors' were tested at their haUWne^imalbiolo^cal 
activity (ED^) end one tenth ef £D W (as Hated In the mAxmfacturere 
epeofication sheets), AH growth factors and cytokines used were recom- 
binant human except TGF-02 (porcine X TGF»$S (chicken), and TCP-go" 
(JZtrwpuz ). 



Grcwch factor (40 nrfmD 



Betanreoa 
nun * SJS. (a) 



HMP-2 
BMP-4 
BMP-6 
"BMP-6 
OP-1 (BMP-7) 
ActSvnvA 

Transforming growth factor 1 
Iransferimnr growth f&ctor-/92 
Iraiiafonning growth factor-03 
Transforming growth factor-p6 
lnhibul-A 

Nerre growth factor (2-5 S) 

FArdhlast growth 

Epidermal growth factor 

Ratolet-derhred growth factor-AA 

Katekt-derived growth fector-BB 

Platelet-derived growtn faCtor«AB 

Intcrieubln-la (IL-la) 

Interleukin-10 

Interieukin-2 

Interlenkin-d 

Interleukni-4 

InterJenkin-6 

Interim uirin-6 

mterleukin-7 

Inter lftu]an-8 

Interleukin-9 

Ihterleusan-10 

Interlaudkit>-ll 

Interleukn>l ra 
Ioterleukin-7 

GRO a/melanoma growth-stiaiulating activity 
Leukenue-mhibitory factor 
Onooot&tdn M 
Tumor necrosis factor-** 
T\imor necrosiB factOr-0 
Macrophage muammatory protein-la 
Macrophage inflammatory protein- 10 
Mfinocyte chems tactic protein- 1 
fiANTES (regulated u£oo activation, normal T-caU 
expressed end prevv^ably secreted) 



6.01 ± 0.66 (5) 
6-33 * l.ftS (5) 
03 a 2.03 (2) 
4,43 * 0.54 (5) 
6,30 * 1.69 <4) 
0^9x0.08 (5) 
LOS * 0.02 (3) 
0.91 * 0.07 (4) 
1.06*0.30(3) 
0.89 * Q.07 (3) 

1.01 ± 0.06 (5) 
1.62 ~ 0.06 (6) 
0^6 « 0 Jfi (2) 

0- 95^0.10(4) 
L09 a 0.04 (2) 

1- 09 * 0,12 (2) 
LCd ± 0^6 {2) 
0.89 ±0.0^(2) 
0.81*0.00(1) 

1.02 = 0.02(2) 
L00* 0^3 (2) 
1.09 * 0.06 (2) 
0.93 ± 0.13 (2) 
0.8O ^ 0.10 (2) 
0.80 ± 0.02 (2) 
0.83*0.11(2) 
0.91 x 0,10 (?) 
0.91 - 0.07 (2) 
0^0x0.03(2) 
LCV4±0.09 (2) 
1,00*0.07(2) 
1.06x0.16(2) 
1.19 ±0.05 (2) 
0.78-0.20 (2) 
0.90*O.lS(2) 
0.83*0.06(2) 
0.89x0.13(2) 
0.92 i 0.17(2) 

3 0.30 (2) 
0.87*0.07(2) 



inducing the expression of IgCAMs at critical periods ua devel- 
opment and tissue repair. OP-1 stimulates endochondral bone 
formation (16), and N-CAM is transiently expressed in osteo- 
blasts during intramembranous and endochondral bone forma- 
tion (32). It id not yet known whether the induction of IgCAMs 
mediates the osteogenic actions of the BMP* or the neural 
actions of dorealin and the BMPa- However, it is possible that a 
conserved signaling pathway couples some members of the 
superfamily to the induction of IgCAMs in mesenchy- 
mal and neural cells, with different, tissue-specific effects. 
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